hlad a chance and takes a great interest in astronomy, for instance, and goes up and watehes the professor in the observatory, he would gatlher a great many ideas. Give him a chance at the observatory. That is what we want. It is a bold idea, I know, but that is what we want. If there is danger of their breaking it, they can be watched the more carefully. I often think if I could take two or three boys and bring them up and attend to their education and pay no attention to anything else whatever, I could fix them in ten year's time so th)at they could earn so much more than 1 can, that it would pay in the long run to apply one's time and attention to it. [Laughter.] PROFESSOR JACKSON :-Mr. President, MEr. Owens states that he does not care to reply. I have no reply to make, except to thank the various gentlemen who have taken part in the discussion. Their recognition of the advantages of an engineering education is very gratifying. I wish to add a remark to Lieutenanit Sprague's definition of an electrical engineer, that he slhould be onie-teintlh inechanical, one-tenth electrical and the rest hie didn't know what. Dr. Nichols says the rest should be iman. I want to add to that, what is left should be good, manly common sernse. [Applause.] I want to especially thank Mr. Lockwood for his reinarks, wllich were evidently very pleasinig to us all, and I want to assure Mr. Lockwood that we consider one of the necessities of an electricail engineering couirse is to teach the students how to read techlnical journals without wasting too much time, and also how to make references to current books of the day which it is impossible to thoroughly read but which must be used more or less.
I also wislh to thank Mr. Upton for his recognition of the necessity of practical instruction in engineering education. I feel that the practical is demnanded at the present day. The theoretical side hias been developed. I do not think it is necessary for an electrical engineer to be able to read Maxwell through all its parts. I would scarcely claim that distinction myself. In fact, there are very few pages in Maxwell that would be enjoyed as reading matter.
As to the question of shop apprentices, I think it is well, under certain circumstances, for a student to enter a properly arranged apprentice course in a first-class commercial slhop. The size of the shop may be of little importance, but if it is notJftt-clas8 the stuident will probably be wasting his time.
Finally, I want to say a word about our universities. If a manl comes to a uiniversity with the view of learning something special, and doing good work, and making use of what le can learn, lhe will receive every attention and fully as mnich assistance as aniy mnan who takes the regular prescribed course.
A fiafier hresented at the General Meeting of the It is a well-known fact that an insulated wire suspended in the air, will carry a given amount of current at a lower temperature than the same wire without this covering of insulation under the same conditions. This is obviously due tothe fact that whiletlhe cross-section of both conductors is the same, the one which is insulated has a much larger radiating surface than the bare wire, and therefore dissipates the heat conducted through the insulation more rapidly. Suppose, for convenience of illustration, we conceive a conductor to be first covered with some insulating sub- stance, and then enclosed within a metallic tube so that its insulated surface shall fit perfectly within and against the inside surface of the tuibe, as shown in section in Fig. 1 . We thus have a comparatively small conductor with a largely increased radiating surface, and the insulation between the two metallic bodies does not materially obstruct the flux of heat from the conductor to the ouitside metallic shell.
One of the early experiments of the writer in electric Ileating -in fact, his first successful apparatus-consisted of two iron plates, between which was interposed an iron resistance wire of the " reflex " or " zig zag " type insulated from both plates by means of thin sheets of inica or asbestos paper, witlh screws passing through one plate and engaging the other. By this mneans the plates could be pressed into close relation to the resistance wire. By coniiecting this apparatuis to a constanit potential system, the current at first would be comiparatively large, but wouLld gradually decrease as the temperature of the plates increased until a point was reached wlhere the beat was dissipated as fast as geinerated. By tightening or loosening the screws, the current could theni be either increased or decreased. Thlis increase of the cuirrent by increasing the mechanical pressure is due to a reductioin of temperature effected by tlle imore intimnate heat conducting relatiolns between the resistanice and plate, facilitating the flux of heat.
BOSS ON NUT
The better the conduction for heat is made, the less will be the difference of temperature between the wire and the outside radiating surface plate, aind it follows that the larger the surface of the radiating plates wlicll are closely impressed upon the conductor, the larger will be the current-carrying capacity of the latter. These experiments are cited as an illustration leading to a thorough appreciation of the extent to which the current capacity of a resistance wire may be carried, as it is upon this principle, but with rnodifications of construction, that the new and improved rheostat herein described is based, that is, a resistance wire of small cross-section is used, but a large radiating capacity is secured by placing the wire in such relations to a metal plate as to practically increase its radiating surface to a very great exteint.
The results of the experiments described above suggested a modified form of construction, one in which the resistaince would be entirely covered by a medium which would protect the wire from oxidation and yet act as a good insulator of electricity and a good 1892.] conductor of heat, and which will permanently attach the wire to, but insulate it from, a radiating plate. A special enamel was finally found by the writer to be suitable for this purpose. A section of this construction is shown in Fig. 2 .
The injurious effect of linear expansion of the resistance wire, due to heat, is avoided in this method by the " reflexed " or " zigzag " form in which the wire is bent. as shown in Fig. 3 , and it has beeii demnonstrated by experience that this linear expansion is thereby so distributed as not to injure or crack off the enamel in practice. On this principle, since we are able to greatly redtice the crosssection of the conductor, it follows that its lengthl is also proportioniately shortened for any requiired resistance, and nio consideration of mechanical strength of the wire entelrs into this construction, since it is so perfectly confined and supported on all sides.
Practice has demonstrated that 20 watts of electrical energy iiay be dissipated continuously to each square inch of resistance surface, without injurv to the apparatus. Ilowever, on account of the excessive temiperature of the plate used in close proximity to the other inaterials, it is not practicable to dissipate over 8 or 10 watts to the squiare inch in continuous service.
By placing onie surface of the plate in contact with water, so that-its heat is dissipated in this mnanner, we are able to contiinuously dissipate about 25' watts to the square inch. Fromthis it will be seen that by means of water we are able to inierease the capacity of a certain plate to about three times that of the saine plate dissipating its heat directly into the atmosphere, or we nmay decrease the size of the plate to one-third for the saime capacity where water is used.
In mnany applications, especially in railway work, apparatus is often subjected to a load far beyond its rated capacity. Rheostat plates for such service are made with narrow ribs, between which the resistance wire and enamel are placed. It is found that by means of these ribs, the safe carrying capacity of a wire is greatly increased, while tlle ribs serve also to protect the insulation and wires from mechanical injury.
In adapting this construction to meet practical requirements in its several applications, it is necessary to alter onily ill detail the general construction and distribution before explained, and slhowni in Fig. 3 , which shows the usual plan of distribu-ting the wires in a simnple rheostat plate. Connection to the resistance wire is made 502 [,June 7, by means of a sheet copper contact strip, one portion of which is folded back upon itself, and after inserting a portion of the wire this sheet copper is crnished about it. The joint so formed can not oxidize, since it is completely sealed by the enamel fused about it.
To divide the resistance so formed into steps it is only necessary to place contacts for connection to the resistance wire at convenient points where the loops approach the edge of the plate, as at a, and so on, in Fig. 3 . This particular way of locating the connecting points on one side of the plate is especially convenient in usinlg these plates with small motors, where only few steps or divisions of the resistance are required. A modification of this a :i FIG. 3. arrangement is to have the connecting points alternate from one side of tlhe plate to the other, as at b, a, etc., Fig. 3 . A distributioii best adapted for stage or field-controlling rheostat, oroine in wvlich a great number of steps are required, is secured by arranging the resistance in a similar manner around the entire outer portion of a disk with contact connections near the circuinference. Another arrangement is required in a plate of low resistance and high ampere capacity. In this case, several coils are placed in parallel and conilected to a common contact piece.
The plates, with their coils and contacts distributed as above described, are well suited for use in connection with rheostat switehes. They are provided with ribs or blades for extending their radiating surface, and lugs at the corners for convenience in attaching them to the back of the switch. Each contact of the resistance plate is connected by a very short wire or strip, to the corresponding contact piece on the rheostat switch.
A very simple and complete rheostat is iiiade by placing the switch contacts and lever, properly insulated directly upon the radiating plate, on the surface opposite the resistance face. With this arrangement as showii in Fig. 4 , a rheostat is obtained wlich is no larger than the switch parts alone of existing rhcostats.
To make a single plate large enouglh to dissipate the energy Fi(4. 4. wasted in the rheostat in starting a large motor, would maiake it necessary to have a surface so large as to be objectionable. To avoid this difficulty, a number of plates of, say, 10 inchles square, are placed in parallel with each other, but separated by sufficient space to admit of proper ventilatioin, and connection made from the switch contacts to the contacts upon the various plates as required With this arrangement, a rheostat of very large watt capacity may be placed witlhin a small cubic space. This form of rheostat, by reason of its compactness, is well adapted for use with are lampsoon constant poteintial circuits. In 504 [June 7, this application, the resistance plate may be attached directly to the outside of the casing, leaving just sufficient space between the casing and the plate for ventilation. Where the casing is cylindrical, the plate may be disk-shaped and placed on top of the cylindrical casing, with holes in the plate for the hooks and chimney to pass through. A valuable feature of this rheostat in this application is that it will endure exposure to the weather while in use. As an example of this, the writer knows of a case where one of these plates has now been in use on a pair of lamps for over seven months, where the plate is in a horizontal position, with the enameled side up and water dripping upon it continually.
In some places the heating effects of rheostats should be avoided. For example, in stage controllers, 5 to 10 kilowatts continuously converted into heat is extremely objectionable in warm weather. This may be remedied by conveying the heat away through the agency of running water. To accomplish this the resistance plate may be hollow, with inlet and outlet pipes connecte(d directly to a source of water supply. By this means and with proper circulation, the plates will always be comparatively cold, and no sensible amount of heat will be given off to the surrounding atmosphere, while the size of the apparatus is so reduced as to occupy no considerable amount of space.
It is evident that numerous modifications of this general design may easily be made to adapt the apparatus to the requireinents of practice.
The following facts are true regarding this form of rheostat: 1st. It is fireproof, as no combustible material enters into its construction, and it can never be submitted in normal use to a temperature so hligh as that towhich it is subjected in the process of mianufacture.
2d. It is durable, since the resistance wires cannot deteriorate from oxidation, electrolysis, etc.
3d. It is compact, as it requires less than 5 per cent. of the cubic space required by the ordinary coiled wire rheostat of the same capacity.
4th. It is simple, the three necessary elements. resistance wire, insulation and radiating surface plate, being fused into one integral mass.
5th. It is cheap, for a certain resistance and carrying capacity can be obtainied by the use of a wire whose cross-section and length will both be but one-tenth of that required for a wire used in the air. That is, the total weight of wire, and hence the cost of the same, will be but one per cent. of that usually required.
6th. It is unaffected by heat, cold, acids, alkalies, oils and other chemicals, and for this reason is especially adapted for use in mines, breweries, marine vessels, etc., where chemical action rapidly destroys ordinary insulators. It is even practicable to operate these plates submerged in flowing water, in case it is desirable to carry off the heat in this way.
Another and important application of this method of converting electric energy into heat in a compact form is for the operation of various heating devices.
The requirements of a comumercially successful electric heating device are:
lst. The concentration upon the working surface of the apparatus, of practically all of the heat produced in the resistance, thus preventing as far as possible the dissipation of heat by radiation or conduction to other bodies or parts than those it is required to heat.
2d. The ability to rapidly supply a large amount of heat energy from the resistance to the working surface, through a medium having a high conductivity for heat, thus keeping the working surface at the proper temperature even when a large amount of heat is rapidly drawn from it.
3d. The protection of the resistance wire from deterioration by chemical and electrical action, so that its life shall be indefinitely prolonged.
All the above requirements are fulfilled in this device.
DISCUSSION.
THE PRESIDENT:-Gentlemen, you have heard Mr. Carpenter's interesting paper. I am sure those who have had anything to do with rlheostats will appreciate the very practical and simple form in which this rheostat is presented. I see many applications of it which are of interest, and may be made practical. If there is any discussion on this paper, we shall be glad to hear it.
MR. SPERRY:-Mr. President, I would like to call out some points with reference to it. I would like to know if the rheostat has been designed for heavy currents, and if so what is the heaviest that has been used ? MR. CAARPENTER:-We are manufacturing resistance plates of low resistance and high ampere capacity. In these low resistance plates, several wires are in parallel or m-ultiple, and have a [June 7, 9IS2U]SSIoN. capacity depending upon the kind and size of the wire, from 25 to 200 amperes or more. A 50 kilowatt 500 volt motor-starter is made up of a number of these low resistance plates connected in series. Each plate has 4 wires in parallel, and each plate forms a step or division of the rheostat. The plates for this size of motor are 18 inches long and 3 inches wide, and weigh about 4 pounds. Twelve or 14 of each are used for this size of machine.
These series plates have the coils or wires eniameled between ribs for increasing the adhesion of the enamel to the plate. It has been found by experience that 50 per cent. more current may be passed through a wire when placed between the ribs in this manner, without breaking the enamel, than where the wire is simply enameled on a plain surface. It is also a fact that these plates used in this way, will endure splashing of water about them without breaking the enamel, when the temperature is as high as will be reached in normal use.
MR. UPTON: -Mr. President, I would like to add one word, that I believe that at the Exposition at the Crystal Palace in London the invention of Mr. Carpenter's is one of the leading features That is, it is most talked about and iost noticed by far. There is a large exhibition there, and it is meeting with a great deal of success.
[Adjourned to June 8th.]
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